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Is there a consistent association between coronary heart disease and ischemic stroke caused by intracranial atherosclerosis?
Existe uma associação consistente entre doença coronária e acidente vascular cerebral isquêmico causado por aterosclerose intracraniana? . Coronary heart disease (CHD) also has a massive impact on Brazilian mortality and was responsible for 96,386 deaths within the same year.
Atherosclerosis is the main cause of CHD and a major cause of ischemic stroke (IS), the most common type of stroke 3, 4 . Despite the systemic distribution of atherosclerosis, the incidence of CHD is high while the incidence of IS is relatively low in some countries, while the opposite can be found in other regions 5 . CHD and IS share a number of risk factors and some, but not all etiopathogenic features. Risk factors for both conditions are similar, but not exactly the same, and may play different roles in overall risk. For example, the population risk attributed to arterial hypertension for all strokes was estimated to be 90.3% in the INTERSTROKE study 6 , while for CHD, the attributed risk was 17.9% in INTERHEART 7 . These discrepancies partially reflect the heterogeneous etiopathogenic mechanisms of different types of IS and hemorrhagic strokes, 1 compared to CHD. A better understanding of mechanisms underlying IS and CHD is crucial to develop effective preventive and treatment strategies.
While myocardial infarction is caused by coronary atherosclerosis in almost 100% of cases, IS can have various etiologies: large-artery atherosclerosis, cardiac embolism, small-vessel disease, or less common causes such as arterial dissection and hematological disorders, among others. IS etiology may remain undetermined in up to 30-40% of the cases despite extensive investigation, particularly in young adults [8] [9] [10] . Atherosclerosis explains 20-40% of IS cases in different populations, depending on genetic and demographic characteristics, as well as on prevalence of risk factors for vascular disease and extension of investigation of stroke etiology 8, 11 . In patients with IS due to atherosclerosis, arterial occlusion or the source of artery-to-artery embolism may be found in extracranial or intracranial arteries.
In the past years, attention has been given to the importance of intracranial atherosclerosis as a cause of IS. Traditionally, it is considered that intracranial atherosclerosis is more common in Black, Hispanic and Asian individuals. It has been estimated that intracranial atherosclerosis is responsible for 5-10% of IS in Whites, and 33% in Blacks, Asians or Hispanics respectively [12] [13] [14] [15] . Intracranial atherosclerosis may be the first cause of IS around the world, due to its high prevalence in China and other highly populated countries in Asia. It has been hypothesized that, during human diversification, genotypes of individuals that remained in Europe enhanced resistance to intracranial atherogenesis. In Asian countries, a healthy lifestyle may have had a protective effect against intracranial atherosclerosis in the past. However, protection was dramatically weakened by cultural changes that drove nutrition and physical activity habits closer to those of Western countries 16 .
No epidemiological studies about the role of intracranial atherosclerosis in IS in Brazil have been published, but characteristics of IS survivors with basilar artery occlusive disease have been described in a small hospital-based registry 17 . In this series, atherosclerosis was the etiology of IS in 87.5% of the cases. Most patients (90%) had more than one traditional risk factor for vascular disease, which is consistent with other series of intracranial atherosclerosis and IS or transient ischemic attack (TIA) worldwide. Typically, patients with IS and severe intracranial atherosclerosis present metabolic syndrome, dyslipidemia and type 2 diabetes mellitus more often than those with moderate intracranial atherosclerosis 13 . It is thus expected that these patients be more prone to aggressive systemic atherosclerosis. Indeed, in Chinese patients with IS and coexistent coronary, intracranial and extracranial atherosclerosis followed on average by 65 months, the rate of recurrent vascular events or death was 89% 18 .
In the WASID study (Warfarin-Aspirin Symptomatic Intracranial Disease Trial), where 569 patients with IS caused by intracranial atherosclerosis were randomized to either aspirin or warfarin in the United States, the yearly risk of death from vascular causes was 1.8% in the aspirin group and 3.1% in the warfarin group 19 . After a median follow-up of 1.8 years, myocardial infarctions occurred in 2.5% of the patients in the aspirin group, and in 4.2% of those in the warfarin group. Stroke or death occurred in 23.6% of the patients in the aspirin group, and in 24.6% of those in the warfarin group.
In comparison with the WASID study, the SAMMPRIS (Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis study) trial employed a more aggressive medical treatment that included aspirin, addition of clopidogrel for 90 days, hypertension treatment (target: systolic blood pressure <140 mmHg; <130 mmHg in diabetics), statins (target: LDL-cholesterol <70 mg/dL) and a lifestyle modification program 20 . In addition patients were randomized to either medical treatment alone or medical treatment plus intracranial angioplasty and stenting. In SAMMPRIS, the probability of stroke or death in patients submitted to medical treatment alone (12.2%) was less than that described in WASID at 1 year, however the myocardial infarction incidence was still 4%. Together, these results underscore the need to further understand the link between intracranial atherosclerosis and CHD.
coronAry heArt dIseAse And IschemIc stroke
Within the first year after stroke, recurrence of a cerebrovascular event is responsible for 20-27% of hospital admissions however, over ten years, the risk of recurrence decreases, while the risk of other vascular events increases 21, 22 .
Within the first year after stroke or TIA of various causes, the risk of death or hospital admission due to vascular causes has been estimated as 10% and 20% respectively in patients without and with CHD [23] [24] . In the Northern Manhattan Study (NOMAS), the risk of nonfatal or fatal stroke was 18.3% five years after stroke, and the risk of cardiac events was 8.6%. Also after a median follow-up of 4.9 years, mortality due to stroke was 6.4% and cardiac mortality, 3.7% 25 .
Within the first year after IS specifically caused by atherosclerosis, the risk of death from myocardial infarction has been estimated to be 1.9% 26 . In The Stroke Prevention by Aggressive Reduction in Cholesterol trial (SPARCL), at a median follow-up of 4.9 years after non-disabling, non-cardioembolic IS or hemorrhagic stroke or TIA, 5.1% of the patients that did not receive statins had a major coronary event 27 . While recurrent stroke rates decreased during follow-up, the rates of major coronary events remained stable. For this reason, it has been proposed that stroke and TIA, particularly when caused by atherosclerosis, should be considered as coronary risk equivalents 28 . A statement in this regard from the American Heart Association/American Stroke Association has recently been published 29 .
Involvement of the coronary arteries is common in patients with non-cardioembolic IS or TIA. In the Reduction of Atherosclerosis for Continued Health (REACH) study, established CHD was present in 37.9% of the patients with IS or TIA 23 . However, this represents only the tip of the iceberg, if asymptomatic CHD is also considered. Over the past years, accumulated evidence showed that the association between asymptomatic IS and CHD is frequent and may be clinically relevant.
In the Multiple Atherosclerosis Site in Stroke study (MASS), 267 autopsies were performed after fatal strokes. Coronary plaques were observed in 69.7% of patients with IS and no history of CHD 30 . When subgroups were analyzed, coronary plaques were present in 77.1% of the cases with atherothrombotic, 65.5% of the cases with cardioembolic, 79% of cases with lacunar and 63% of undetermined cause IS. These high rates of coronary plaques in IS subjects without history of CHD symptoms contrasted with the 24.7% prevalence of coronary atherosclerosis in 442 patients with other neurologic diseases.
In the PRECORIS (Prevalence of asymptomatic Coronary artery disease in Ischemic Stroke study), computed coronary angiography showed stenosis ≥50% in 20% of 274 patients with non-disabling, non-cardioembolic IS or TIA 31 . By performing invasive coronary angiography in 315 patients with IS of various etiologies and no CHD symptoms, researchers of the AMISTAD (Asymptomatic Myocardial Ischemia in Stroke and Atherosclerotic Disease) study revealed coronary plaques in 62%, and coronary stenosis ≥50% in 26% of the cases 32 .
recommendAtIons for evAluAtIon of coronAry heArt dIseAse In pAtIents wIth IschemIc stroke or trAnsIent IschemIc AttAck
Despite the evidence of association between CHD and IS or TIA, there are no strong recommendations for CHD screening in asymptomatic patients with cerebrovascular disorders 24 . The bulk of the work in the field has focused on the strong association between extracranial internal carotid artery atherosclerosis and CHD 33 . About 25-60% of patients with extracranial carotid disease and no history of CHD show abnormal results in noninvasive or invasive cardiac testing. CHD risk is 11 times higher in patients with extracranial internal carotid artery atherosclerosis than in the general population. Death from vascular causes, myocardial infarction (MI) or stroke occurs in 6% of patients with stroke caused by extracranial internal carotid artery atherosclerosis, within the first year post-stroke. Considering this strong relation between both conditions, the American Heart Association/ American Stroke Association published recommendations for CHD investigation in IS or TIA patients in 2003 33 , as outlined in the Table. According to these guidelines, noninvasive testing for CHD is indicated in patients with stroke or TIA caused by extracranial internal carotid artery atherosclerosis, in high-risk patients according to Framingham CHD risk stratification, and possibly in those with stroke subtypes clearly related to atherosclerosis in intracranial arteries or extracranial vertebral arteries.
However, whether asymptomatic CHD or elevated CHD risk are significantly more common in patients with IS caused by atherosclerosis than by other etiologies, or in patients with IS of undetermined cause, are still controversial issues. Furthermore, both the use of the Framingham risk stratification equation and the diagnosis of IS due to intracranial atherosclerosis are faced with challenges.
Initially, the Framingham stratification equation incorporated age, sex, LDL-cholesterol, HDL-cholesterol, blood pressure, diabetes mellitus and smoking status to estimate CHD risk (MI, death caused by MI and angina) in 10 years 34 . Scores were shown to have good predictive values for CHD events in the United States. In 2002, the stratification system was modified, for screening and treatment of patients with dyslipidemia 35 . Among the changes, the "diabetes mellitus" item was eliminated from the algorithm because this disease was considered as a coronary equivalent. CHD risk was classified as low (<10%), intermediate (10-20%) or high (>20%) 35, 36 . A caveat of using the Framingham risk stratification in patients with IS or TIA is that the system was created for evaluation of the general population and not to individual patients with Table. Summary of recommendations for evaluation of coronary heart disease in ischemic stroke or transient ischemic attack 33 .
Diagnosis Recommendation
Ischemic stroke or transient ischemic attack
All patients should be assessed for cardiovascular risk, preferably based on existing recommendations to identify those at greater likelihood of morbidity and mortality from asymptomatic CHD. Risk factor reduction is recommended in all cases, regardless of the decision to perform noninvasive cardiac testing. Noninvasive testing for CHD should be considered in patients with high CHD risk factor scores based on Framingham algorithms (10-year CHD risk ≥20%).
If there are few risk factors for CHD, no carotid artery disease, or stroke etiology is not clearly related to atherosclerosis, routine screening is not recommended.
Carotid artery disease Selected patients with high cardiovascular risk profiles and symptoms of brain ischemia in the presence of significant carotid disease should be considered for noninvasive testing for coronary heart disease.
CHD: coronary heart disease.
cardiovascular disease. In the Framingham cohort, the number of risk factors associated with greater likelihood of CHD was lower in patients with history of CHD or stroke, than in patients without cardiovascular disease 37 . Also, stroke etiologies are heterogeneous. Patients with IS caused by extracranial internal carotid artery atherosclerosis are known to have greater CHD risk than the general population, but CHD risks have been less investigated in IS caused by other etiologies, such as intracranial atherosclerosis or non-atherosclerotic causes. The IV Brazilian guidelines of Atherosclerosis Prevention 38 include any stroke or TIA as a coronary equivalent, leading to assignment of a Framingham score >20%. Considering that not all IS or TIA are caused by atherosclerosis, this strategy is open to discussion 29 . The absence of significant differences in burden of asymptomatic CHD in autopsies of patients with different IS etiologies may indicate that indeed, patients with any IS are at increased risk, or may reflect low power due to small sample sizes in IS subgroups 30 . For those who do not support the concept that a Framingham score of at least 20% should be attributed to a patient with ischemic stroke not caused by carotid artery disease, or in whom intracranial atherosclerosis was not diagnosed (negative or incomplete investigation), the choice to use the score for stratification of vascular risk can be misleading. In theory, it is possible that cut-off values for estimation of CHD risk may be lower in patients with IS compared to the general population, or in miscigenated populations compared to North-American and European populations. The Framingham stratification system was validated in countries of predominantly European ancestry, and its predictive value in miscigenated populations remains to be determined. Therefore, by limiting cardiac testing to patients with IS and Framingham scores >20% in 10 years, physicians might lose the opportunity to diagnose CHD in asymptomatic patients at moderate or high risk of MI death. The inclusion of additional criteria or biomarkers such as family history of early CHD, chronic renal insufficiency or calcium scores, among others, may refine stratification but this approach has not been thoroughly tested in patients with IS 38 . Another defying task for physicians that treat patients with stroke is to properly investigate and diagnose atherosclerosis as a cause of IS or TIA, in the absence of extracranial internal carotid artery atherosclerosis. Appropriate interpretation of clinical, laboratory and imaging findings is crucial to diagnose IS caused by atherosclerosis in the extracranial vertebral artery, or in intracranial arteries. Tests such as intracranial magnetic resonance or computed tomography angiography and transcranial Doppler are key for diagnosis of intracranial artery disease 39 . If physicians do not acknowledge intracranial artery disease as a cause of IS that deserves investigation, such tests may never be ordered, leading to underdiagnosis of this condition. For instance, diagnosis of basilar artery occlusive disease may be missed if investigation of intracranial arteries is not performed in a patient with TIAs presenting with pure motor hemiparesis and mild or absent extracranial internal carotid artery atherosclerosis 40 .
If the Framingham score in such a patient points to a 10% CHD risk in 10 years, noninvasive cardiac investigation is unlikely to be performed, and aggressive medical treatment for control of vascular risk factors is less likely to be undertaken.
Considering that patients with intracranial artery occlusive disease are considered to be at high risk of recurrence and death from cardiovascular events, and that aggressive treatment of atherosclerosis has been suggested to be key in these cases, underdiagnosis of this condition may have serious consequences for overall vascular risk. The fact that the relation between extracranial internal carotid artery atherosclerosis and CHD has been well recognized should not cloud the need to determine if there is a similar association between atherosclerosis in other cervicocranial arteries, including intracranial arteries, and CHD risk. Few studies have addressed this issue over the past years.
coronAry And IntrAcrAnIAl AtherosclerosIs
The composition of the arterial wall and the magnitude of hemodynamic stress sustained by coronary and large intracranial arteries are different. In autopsies from Japanese individuals, the amounts of esterified to total cholesterol, and of chondroitin sulfate-46 in total glycosaminoglycans were lower, while heparin sulfate content was higher in normal intima of intracranial arteries than in coronary arteries and the aorta 41 . In autopsies, lipids have been reported to be predominant components of coronary plaques, while fibrotic content seems to predominate in intracranial plaques. Plaques rich in lipids are more likely to ulcerate, triggering acute thrombosis, than fibrous plaques 5 . Also, it has been suggested that atherosclerosis may often affect either extra-or intracranial arteries, instead of involving both arterial beds. It has been proposed that pathogenesis of intracranial and extracranial atherosclerosis may differ, for example concerning metabolic abnormalities and inflammation 42 . Correlations between coronary and internal carotid artery plaques have been widely described, but few studies have explored the coexistence of coronary and intracranial atherosclerosis. History of CHD has been reported to be more frequent in patients with extracranial carotid artery atherosclerosis than in those with middle cerebral artery stenosis but overall, insufficient information is available about intracranial atherosclerosis 42 . In Japan, autopsies performed in the 1960s revealed a lower degree of atherosclerosis in the coronary arteries, and a higher burden in the circle of Willis, with respect to Americans. On the other hand, in India intracranial and coronary atherosclerosis were found to be significantly correlated 43 . Consistent with other reports, coronary atherosclerosis was more frequent than intracranial atherosclerosis in younger individuals, and the correlation between the progression of atherosclerosis with age was more marked for coronary than for cerebral atherosclerosis. While coronary atherosclerotic burden increased gradually until age 40 and then evolved sharply with age, intracranial atherosclerosis was more evident after age 40 and continued to build gradually until the eight decade. Moreover, calcified and complicated plaques were common in coronary but not in intracranial plaques after age 40.
Characteristics and distribution of plaques in coronary and intracranial arterial beds may differ according to ethnicity and exposure to risk factors. In contrast with the results reported in India, fatty streaks and fibrous plaques were present in intracranial arteries already in the second decade of life, in autopsies performed in New Orleans in the 1960s and early 1970s 43, 44 . In regard to coronary atherosclerosis, ethnic and regional differences are also well established. For instance, in a study that included more than 17,000 asymptomatic Brazilian, Portuguese and American subjects, Santos et al. demonstrated different prevalence values and severity levels of coronary artery calcification, a surrogate marker of CHD. Dissimilarities remained significant even after adjustments were made for traditional risk factors for atherosclerosis 45 . Genetic factors have been pointed out as candidate reasons to explain the "Hispanic paradox", i.e. the relatively lower risk of CHD death in Hispanics compared to non-Hispanics in the USA despite high prevalence of risk factors for vascular disease and lower socioeconomic status 46 . It is possible that genetic and environmental factors modulate the involvement of coronary and cervicocephalic arteries by different mechanisms and at different degrees in various populations. Therefore, the coexistence, severity and progress of atherosclerotic lesions in diverse arterial beds may be more frequent in some populations than in others, with likely implications on causes of vascular death. Until now, this remains an open question.
AsymptomAtIc coronAry And IntrAcrAnIAl AtherosclerosIs In pAtIents wIth IschemIc stroke
Relatively few studies have investigated the relation between asymptomatic coronary and intracranial atherosclerosis, or identified biomarkers/imaging tests that might help stratify patients with intracranial atherosclerosis for noninvasive investigation of CHD. More than 50% of 168 patients with IS or TIA and intracranial atherosclerosis without overt CHD symptoms were reported to have perfusion defects on stress-rest SPECT 47 . In these patients, intracranial internal carotid artery stenosis, symptomatic vertebrobasilar stenosis and presence of high levels of lipoprotein and homocysteine were independently associated with silent myocardial ischemia. In another study, lipoprotein-associated phospliphase A(2), a novel cardiovascular risk biomarker, was found to be the only predictor of new vascular events in patients with IS or TIA and intracranial atherosclerosis 48 . In Korea, 71 patients with IS of various etiologies and no history of CHD underwent computed tomography coronary angiography 49 . Coronary stenosis >50% was identified in 25.4% of the cases. Patients with coronary stenosis had greater rates of IS caused by atherosclerosis (38.9%), intracranial arterial stenosis (61.1%) and extracranial carotid stenosis (66.7%) than patients without coronary stenosis. Older age and extracranial internal carotid artery atherosclerosis, but not intracranial atherosclerosis, were independent predictors of CHD. However, statistical power for detection of a significant association between CHD and IS caused by intracranial atherosclerosis was low, since only 14 patients were diagnosed with IS caused by atherosclerosis (extra-or intracranial). Contraindications for computed tomography coronary angiography (renal failure, inability to cooperate with the test) or for extracranial and intracranial magnetic resonance angiography limited sample size.
In contrast with the conclusions from this study, another Korean study analyzed coronary computed tomography angiographies from 1,304 patients with IS and reported coronary artery stenosis ≥50% in 32.2% of the patients 50 . Significant correlations were found between coronary atherosclerosis and stenosis of the extracranial carotid, intracranial vertebral and basilar arteries, but not with anterior, middle and posterior cerebral arteries. These results suggested that the relation between coronary and intracranial atherosclerosis may be present for some, but not all intracranial arteries. Therefore, studying "intracranial atherosclerosis" instead of disease in distinct intracranial arteries may bias results, obscuring the relation between intracranial and coronary lesions.
In addition, a Japanese study that evaluated 104 patients with IS patients with no symptoms of CHD reported intracranial atherosclerosis and the metabolic syndrome as the strongest predictors of CHD, diagnosed by coronary computed tomography or coronary angiography 51 . Differences in methodology, sample size, genetic as well as environmental factors may explain the discrepancies found in literature.
conclusIons CHD and IS are frequent coexistent conditions that share risk factors and pose major burdens to global health.
Intracranial atherosclerosis, the most frequent cause of IS in Asia and possibly the most likely cause worldwide, is associated with high risks for stroke recurrence and vascular death. Even though a clear relation has been established between extracranial internal carotid artery atherosclerosis and symptomatic or asymptomatic CHD, there is a gap in knowledge about the association between intracranial atherosclerosis, and CHD. Intracranial atherosclerosis is associated with high risk for stroke recurrence and vascular death. There is a need for more research in this field, as well as for clinical trials that answer whether early diagnosis of asymptomatic CHD and aggressive treatment, whether or not be restricted to medical treatment, can decrease the risk of vascular death in patients with IS caused by intracranial atherosclerosis.
